Abstract. During a growth interrupt single wall carbon nanotubes (SWCNT) is incorporated in a Molecular Beam Epitaxy (MBE) grown semiconductor heterostructure. This have been used to contact SWCNT with one and two ferromagnetic electrodes made of the diluted ferromagnetic semiconductor GaMnAs. In these devices we have observed strong hysteretic magnetoresistance below 30 K. The shape, sign and size of these magnetoresistance features are strongly dependent on parameters such as temperature, gate-voltage and bias voltage. The magnetoresistance is even present on devices with only one ferromagnetic electrode.
Spintronics and Fullerene physics are both research areas that recently have received a lot of interest. The interest in spintronics are sparked by the believe that the abilities to implement and use the electron spin in macro -electronics will give an increased performance and functionality. To make this possible there is a need for finding materials with long spin scattering lengths, a promising material for this is carbon nanotubes. The combination of unique electrical properties, such as, long mean-free path, the absence of intrinsic magnetoresistance and negligible spin-orbit coupling make it reasonably to believe that carbon nanotubes will have excellent properties for spintronics.
To gain knowledge of the spin-transport properties in carbon nanotubes, we studied two types of devices, namely single wall carbon nanotubes contacted by one and two ferromagnetic metal contacts. The devices were produced by incorporating carbon nanotubes into a Molecular Beam Epitaxy (MBE) grown heterostructure. Laser ablated carbon nanotubes, from Rice University, was deposited on a substrate consisting of a cap layer of amorphous As placed on top of an undoped GaAs crystal that is again separated from a heavily doped backgate by a AlAs/GaAs supperlattice working as an electrical barrier. After depositing the tubes the substrate was overgrown with Ga 0.95 Mn 0.05 As and electrodes and trenches were defined by standard electron beam-and UV-lithography and wet chemical etch. A more detailed description of the device fabrication is found in [1] . All measurements on these devices from room temperature to 300 mK was DCvoltage controlled with a setup as sketched in Figure 1 From studies of carbon nanotube quantum dots it is seen that even though the tube extend long under the electrode the contact between tube and electrode is happening at the edge of the electrode. This makes it reasonable that the tube is contacting a single domain since the domain size of GaMnAs thin-films are micron sized [6] . So we imagine that the system under the influence of a magnetic field will behave as seen in figure 1  (a,b,c) . This sudden change in magnetization direction could give rise to a resistance change. The resistance change in these kind of systems have before been estimated by Julliere's model and described with a spin-valve model for single wall carbon nanotubes [2, 3] and multiwalled carbon nanotubes [4, 5] . Julliere's model might however not be applicable, since it describes a system of two magnets separated by an insulating barrier and not by a conducting channel as in the case of two magnets contacting a metallic carbon nanotube.
The Curie temperature of Ga 0.95 Mn 0.05 As was 70 K as found by MR measurements [1] . The in-plane coercive field was also determined from MR measurements to be around 0.05 T. The resistance change in the pure Ga 0.95 Mn 0.05 As electrodes was a few ohm's which is much lower than the resistance in the tube devices and is therefore negligible in the MR measurements on the tube devices. Figure 2 (a,b) show measurements on a Ga 0.95 Mn 0.05 As-CNT-Ga 0.95 Mn 0.05 As device i.e. a device with two ferromagnetic contacts. The plots are chosen to show the diversity that we observe. The plots show the current as a function of magnetic field, each graph is an average over 5-10 runs and is fully reproducible. The measurements in (a) are taken at 310 mK the three plots are measured at different biases. In (b) the measurement are made at 2 K with three different gate voltages. The graphs show a big diversity in size and sign of the MR. The sign of the MR can be changed by varying the bias or the gate voltage. The temperature has a similar influence although there was a general increase in the size of the MR feature as the sample was cooled down and at the lowest temperatures the conductance in the MR dip can be nearly completely quenched as seen in figure 3 (a) measured at 300 mK. The abrupt changes in the current seen just as the magnetic field have passed zero also indicates that the tube is contacting a single ferromagnetic GaMnAs-CNT-GaMnAs domain. We also measured on reference devices consisting of a carbon nanotube contacted by only one ferromagnetic Ga 0.95 Mn 0.05 As contact and one Cr/Au (5 nm/30 nm) nonmagnetic contact. Measurements on such devices also showed MR and hysteresis as seen in figure 3 (b) , where the current is plotted as a function of magnetic field. The three graphs are measured at different bias-voltages and at T = 300 mK.
Conclusion. We have measured the current as function of magnetic field on devices consisting of carbon nanotubes contacted by one or two ferromagnetic electrodes. In all these devices we observe a hysteretic MR. The MR change is always observed after the magnetic-field has passed through zero field, indicating that it is a sudden change in magnetization direction of the single domain contacting the nanotube, that is the cause. The sign, shape and size of the MR changes as a function of temperature, cooling cycle, gate and bias-voltage in non-controllable manner. An increase in the size of the MR can be seen as the sample is cooled resulting in a complete quenching of the current at 300 mK in some cases. The observation of MR in our reference devices with only one ferromagnetic electrode indicates that the MR behavior can not be explain as resulting from a simple spin-valve effect. The diversity of the results and the MR measured in our reference devices suggest that a better understanding of the precise contact mechanism between electrode and tube are needed to quantitatively understand the results. 
